Abstract: Whitebark pine (Pinus albicaulis), an important tree of high altitudes in the northern Rocky Mountains and Sierra Nevada, produces nuts eaten by bears. Grizzly bear (Ursus arctos) and black bear (U. americanus) use of pine nuts was studied in Yellowstone National Park and adjacent areas during 1978 and 1979. Spring use appeared to be correlated with cone production in the preceding year, while fall use was correlated with the current crop. Most of the nuts eaten by bears came from cones cached by red squirrels (Tamiasciurus hudsonicus). Pine nuts were a nutritious food which was often present in early spring and late fall when alternate foods were scarce or low in digestible energy and when nutritional requirements of bears were high. No evidence was found that bears ate the nuts of limber pine (P. flexilis). 
) and the quantity of nuts consumed by bears vary annually (Mealey 1975 , Blanchard 1978 .
Pine nuts are also an important food for red squirrels in whitebark forests. In fall, squirrels remove cones from trees and cache them in middens. Bears as well as other mammalian and avian seed predators compete with squirrels for whitebark nuts (Forcella 1977 , Tomback 1977 .
Confusion about the ripening process of whitebark pine cones has resulted in errors in the literature on the availability of pine nuts as a bear food. Whitebark cones are indehiscent and do not disintegrate (Tomback 1981) . Vertebrate foraging probably leaves few, if any, seed-bearing cones on trees by late fall; the cones remaining abscise sometime thereafter (Tomback 1981 ).
Because cones do not abscise or release their seed in fall, bears may obtain pine nuts in 2 ways. Black bears may climb whitebark pine trees and break off cone-bearing branches to feed on cones (Tisch 1961 , Mealey 1975 , Forcella 1977 ; or both black bears and grizzly bears may raid squirrel caches to feed on pine nuts (Tisch 1961 , Craighead and Craighead 1972 , Blanchard 1978 . The purpose of this study was to determine (1) the major source of pine nuts for bears, (2) why cone scales do not appear in bear scat containing pine nuts, and ( 
THE STUDY AREA
The study area was located in Yellowstone National Park and surrounding portions of Montana, Wyoming and Idaho (Fig. 1 (Cooper 1975) . Mature whitebark and limber pine were present in 8% and 0.4%, respectively, of the forested area of Yellowstone National Park (Civilian Conservation Corps, unpublished data). Similar information was not available for the rest of the study area.
METHODS
Radio transmitters were placed on 15 grizzly bears in 1978 and 1979 and on 2 black bears in 1979. Instrumented bears were relocated from the air (relocation sites) approximately 3 times a week using the radio-tracking equipment and techniques described by Judd and Knight (1977) . A comparison of the number of relocation sites above 2440 m in 1978 and 1979 was used in conjunction with other data as an indicator of bear use of whitebark pine stands. Randomly selected relocation sites were investigated for evidence of bear feeding activity. Scats were collected at these sites and the age of all bear sign was estimated. Different digestion rates of food items were considered when percent volume of each scat item was estimated. Contents of scats collected during examination of relocation sites were assumed to be representative of the food habits of the bears in the study area. My analysis included scats collected by the IGBS between 1973 and 1977.
Thirteen whitebark and 3 limber pine stands different from those visited during relocation site examinations were studied for evidence of bear feeding activity. Observations of claw marks in trees, broken tree limbs, and excavated squirrel middens were recorded. Samples of bear hair were collected from middens disturbed between examinations and analyzed for bear species identification. Middens on Electric Peak were examined at 1-day to 1-week intervals from June through September 1979. Snow depth and cover at disturbed middens were noted during May and June 1979.
I observed squirrel caching behavior from August through October 1978 and August and September 1979. The length of observation periods, the numbers of cones and nuts cached, and the depth and location of caches were recorded. The sizes of 25 squirrel caching areas were estimated visually. Randomly selected squirrel middens were examined in June-August 1978 and May-August 1979 to determine if cached cones and nuts were present. Pine nuts cached less than 3 months (nuts of the year) were distinguished from nuts cached for 6 months or more (old nuts) by color. Nuts of the year were tan; old nuts were dark brown.
Sample plots 10 x 25 m were established in squirrel caching areas on Electric Peak (7 plots) and Mt. Washburn (3 plots). The plots were searched for cached cones and nuts 2 to 4 times between 12 August and 9 October 1978 and once between 9 and 15 September 1979. The numbers of cones and nuts found in fall 1978 (between 27 September and 9 October) were compared with cones and nuts found in fall of 1979 because most cones had been harvested by these dates.
Based on experience, I indexed whitebark pine cone production as low, moderate, or high in 1978 and 1979. Mean number of nuts per cone was determined from 225 cones (25 cones from 9 sample plots) collected in September 1978.
BEAR USE OF PINE NUTS * Kendall
Four captive grizzly bears and 3 captive black bears were fed whitebark pine cones to determine how bears obtain nuts from cones without consuming cone debris. Scats from these trials were collected and examined.
RESULTS

Cone Production
Cone production was higher in 1978 than in 1979. Although production data were not available prior to 1978, cone production appeared to be exceptionally high in 1978 and moderate in 1979. Cones averaged 88 (?26, SD) nuts per cone in 1978 and ripened earlier below 2550 m and on south-facing slopes than on higheraltitude sites and other aspects.
Squirrel Cone Caching Activity
Cone caching sites varied in size and in the number of cones buried and cached above ground. Placement of cones in 1978 caches ranged from sites with most cones buried to sites with most cones cached as surface piles. An extreme example of the latter was a cache with approximately 3000 cones on the surface in a 4-m2 area. Caches for an individual squirrel were contained within areas of 100 to 626 m2. Caching sites were more widely distributed at higher elevations where squirrel territories were larger and whitebark trees were smaller. Cones and nuts were present in randomly chosen sites searched in May, June, and July 1979 after the good cone year of 1978, but not in June and July 1978. Squirrels cut cones from trees for immediate consumption in July when cones were immature, but squirrels were not observed caching cones until the 1st week of August. Sixty-three hours of observation showed cone caching by squirrels occurred from August through October. Squirrels buried cones 2.5 to 20.0 cm deep. One to 15 cones were cached per hole. When cones were plentiful in 1978, a large number of cones were left lying where they fell when cut in September and October or were placed at the bases of trees and logs and above buried cones. When cones were less plentiful in 1979, cones were not found on the surface.
In mid-September squirrels also began to cache whitebark pine nuts as opposed to cones. Caches of 3 to 176 nuts were found. Old caches were usable by bears because the endosperms of the nuts were still firm and white.
The No evidence of bear use of limber pine nuts was found in 3 limber pine stands examined. Few red squirrels and no squirrel middens or caches were observed in these stands.
The 13 additional whitebark stands studied provided more seasonal and annual use pattern data. In 1978 when few 1977 cones were present, no bear use of middens was found in these stands before the 1978 cone crop matured in August. Three raided middens were found on Electric Peak in August at an elevation of 2500 m. All cones cached in the raided middens were buried, so bears had to dig to obtain them. Bear use of pine nuts on Electric Peak between 2560 and BEAR USE OF PINE NUTS * Kendall 169 2800 m began in September as nuts became plentiful and increased through October. Because middens at those elevations had up to 3000 cones cached on the surface, bears seldom dug into middens. Bear use of squirrel caches was inferred from the presence of scat and tracks.
In 1979 Bears used middens at all elevations on Electric Peak after mid-June, but increasing activity was observed above 2620 m in July. After squirrels began caching cones in the 1st week of August 1979, bears apparently again raided middens at all elevations.
Bears rarely consumed all cones or nuts from a caching area during a single visit. They repeatedly visited middens from April to July and midSeptember to October 1979 when new cones were not added to caches. One midden was raided at least 11 times between 11 May and 26 August 1979. Middens were also repeatedly raided in August and September 1978 and 1979 while squirrels were actively caching cones.
Grizzly bears and black bears fed in middens in the same area. Forty-five samples of bear hair 
Captive Bear Feeding Trials
Four captive grizzly bears and 3 black bears used similar means of extracting nuts from whitebark cones. Bears broke cones by either biting or stepping on the cones. Cone debris was spread out with a paw or muzzle and the nuts licked up. Nuts were retained while cone scales were expelled from the side of the mouth. Grizzly bears ate the nuts from all cones given to them, showing no preference between resinous cones of the year and old, often moldy cones which had been cached in a midden for 1 year. None of the scats collected from these feeding trials contained cone debris.
DISCUSSION AND CONCLUSIONS
Scat analysis and site examinations provided biased estimates of the extent of bear use of pine nuts. These techniques tended to underestimate bear use of nuts for at least 4 reasons: (1) High-elevation sites were not representatively sampled because snow depth and weather conditions hindered access to these areas. Pine nuts and meat are consistently the most important fall bear food in the Yellowstone area, especially in October and November (Blanchard 1978 , Mealey 1980 ). In September, bears begin feeding on pine nuts but continue to feed on succulent vegetation found in moist sites (Graham 1978) . In October when most herbs are desiccated and low in nutritive value, large quantities of pine nuts are eaten, supplemented by small amounts of Umbelliferae roots, grasses, and animal matter (Mealey 1980 ). Berries are highly nutritious and are eaten primarily from August through October; but such small quantities are probably consumed that they contribute little to the nutrition of bears in Yellowstone (Mealey 1980) . Fall movement of bears to high elevations may be due in part to the later maturation and desiccation of high-elevation plants. However, scat results indicate feeding is almost exclusively on pine nuts regardless of other available food sources.
The importance of pine nuts to bears in the Yellowstone area appears to be that nuts are high in food value and are generally available at times when alternate foods are either scarce or low in digestible energy, or both. Bears must put on fat in fall to survive hibernation and early spring (Folk et al. 1976 ). Delayed hibernation and failure to hibernate occurred when Russian brown bears were malnourished in fall due to nut and berry failures (Pavlov and Zhdanov 1972, Ustinov 1972 ). When available, caches of pine nuts provide a concentrated source of highly nutritious food at times when rapid weight gain is necessary for bears. Picton (1978) found that reproductive rates of grizzly bears in Yellowstone National Park were high when weather was favorable in October, winter, and spring. Warm, snowy winters reduced energy needs of bears during winter. Warm, dry weather in October, April, and May implied bears were in good condition due to an extended period of feeding on pine nuts in fall and improved availability of food in spring. Mealey (1980) More information is needed on annual whitebark cone production, subsequent spring availability of nuts in squirrel middens, spring carrion availability, and bear foraging efficiency to measure the effects on bears of cone abundance and to determine the role nutrition plays in the natural regulation of grizzly bear and black bear populations in Yellowstone National Park.
No evidence was found that limber pine supplied a portion of the pine nuts eaten by bears in the Yellowstone National Park area. It was not possible to distinguish between whitebark and limber pine nut remains in bear scats, but no sign of bear use of nuts was observed in 3 limber pine stands. Limber pine appeared to support few, if any, red squirrels. Although limber pine cones were dehiscent (Tomback 1981) and nuts dropped to the ground without the aid of squirrels, scattered nuts or sparse numbers of nut caches may not have been as attractive to bears as more abundant whitebark cone and nut caches. In Colorado, sparse low-elevation stands such as those of limber pine provided few, if any, suitable sites for squirrel middens (Finley 1969 ). Schallenberger and Jonkel (annual rep., Border Grizzly Project, Univ. Montana, Missoula, 1980) hypothesized that the limber pine stands were not dense enough to harbor as many red squirrels as the more densely timbered whitebark stands, and as a result of the lack of squirrel caches, grizzly bears ignored equally abundant limber pine nuts to feed on whitebark pine nuts.
